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Abstract of JP2002170602 

PROBLEM TO BE SOLVED: To provide a 
photoelectric conversion element with low 
resistance loss and low transmission loss, 
enabled to attain a high photoelectric 
conversion efficiency. SOLUTION: For the 



photoelectric conversion element, an electrode 
is formed on one side of at least one substrate, 
and a semiconductor layer is formed on the 
surface of the electrode, and a counter 
electrode is formed on one side of the other 
substrate, and the semiconductor layer is 
arranged so as to face the opposite electrode, 
and an electrolyte layer is laid between the 
semiconductor layer and the counter 
electrode, and at least, a part of constituents of 
photoelectric conversion element except the 
substrate and the electrolyte layer has a 
slanted pillar structure, and gaps are formed 
between the slanted pillar structure, and a 
sensitizing pigment is filled inside the gaps. 
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ii^m^mi^m&tM'^-t^xd^zmm.^ti. sec. m 
m^i^mtrnmimmb comizmmMm^mm^tix 
^^h^m^mi'izii^^x . mMixmc.x/mMmmm\- 

iitra*^'#ffiu, immi^izmmm^'tm^tLx^^^zt 

cf»*Ji4 ] mimw^ikcom\mm^iz^it tx 

[ ft«3I8 ] ^■>=5r < t> #ffl««Hil<0^*i 7 ^ V- 

mMtmrn^ti. ^^(T^^miiZimwmifiWM^ix. 
mj(r>mL<^-':fj<m±.i,ziiiim&¥ms^ix. Mie^ 
f*:«*^'iuie*r«figt*ti^-r'5.J;dtcEa$tL, mz. m 
m^mwm b m^Mmm t cDrmzmmMm^mm^ tix 
^^t^m^mm^(r>wmjTmi,zti\-^x. mMimmRx/m 

-SSSr^^^t* J: OfiJtlSI-rs i b ^mib-^h±m^ 

[fs^^a 1 0 ] mnznLxm3m^ifim>^zxm- 



ifi^Ji 1 3 ] mti^wmir-i^y^-j^mM^m 
mLtzM^mmrnx'^mth^ib ^^WLb-rhmim9 
^z%m<^^m^mm=t<^^-nm . 

[ft*« 1 4 ] mm^mwm^^'mMmx-m^ Ltz 

^^•yhT]yx^'ifozbi:nwLb-thm^m9izM 

[00013 
[0002] 

xzk^KMW^tixa 0 , -tx'iz p nm-^misMmm^j: 
iftiimm^t^tix\^i>. 3tiiietfMiico'ft^^s- 

[0003] e!5Rc03t'fb^«Mc7)4'T\ iiiS^PJtfl;^ 

e^jxff. i-^-y&mbmn)y( :^y^m^-^i> 
'>tfcm^j:b'i)<ht. tfz. ^^-mm^mc^^MM. 

^^tiX\^?>. ^i^ij^^mbmmLi:!^, ^mb^ 

mwcr>ti:mmL<^mmi>zj: oi^g y h^-m-^*^x'^& 
i3K ^wbmmtf^mLx\^^mhmk^j:m^t^x't 

mjf, j^JBt+tCFei^/Fe^*, Fe (CN)6 

«-/Fe {CN)63-. I /Ij. Br-/Br2. 

[0004] ®?-ft3i7c?f ?eitc?S(t7t^f*fl;s^o^®tc 

3l£$:B?Jt^i.i:, ^f!|scoyN>K^f-v >yrtJl±<OX^^;k 

[0005] mmjtmmz<^wmm:\3i\^X'^mmm 
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C 0 0 0 6 ] ^mti^^^Ki-hfzibUi^ (DMim 

[0007] L*^ L=sr*^'?> , mim7mmcr>mittitf^h 

■V •/ r t^V ^Xl± . —miZJ <y h'df -y r*^ 3 . O e V 

aT^ (>i,zii 2 . 0 e vaT(D^miim^<7)mz 
mi^mm.i'ZX'omm'pizmmL'^-t^^^^^hh. m 
til. n-s ni7iifi*cr)miMTmmiz^mit^wtim 

[0 0 081 ztii^<7)^mt:mm^zif>iz. ^mz^a 

i:<7)mm^ifm^^^ii^<r>ummizim-ti>jL^ 

[0009] ^mm(^\s\mt:mm-i>fiiibiz. j^y 

[0010] ^^3t^C0*^a*lJffli:>N> -yT^iz 

m^^^mzim^'^fz^m^mckmmmbm hti 

^^{i, ^miiz^^mMLxmi-a^wm^ti. mmm=f- 
t/^^m-t^^m-iisi^mth^m^'^mm.x'hh , 
[00113 ^mmm±^9Mi%-^m,tmmnnxt 
hthtih:Ltif'S'U. ^15}, ^mtLx^t^^tn 
mi<z9uuy ^ )vtfi^x.t:.tix\-^tztK 

t 0 . 5 %^^v1|7t=5^V^ t COT' 

[0012] ico J; ^ (C, -fe^tiS^l^m^teJi. Tt-^Bg 
4> b > h Srf#T nr^$-®JR L J: 0 1 V ^ ^ t 



[0013] Li>^i>mm^tifz^m[Hcom'f-tmmmz 
^^UTv^scit^iS^g^Lv^, mm. m^t^^s^yizm 

[0014] ^<0;S{cMLT, fiS5r55i»5: tfc(OI,i.Fu 
jihirak<r>-!^f\^—TX'$>t. ^^>{±n-r5 yBcO;ifr;l/ 

y-C^It^rl 97 7¥{^lKI»Nature{Cfg^t-CV^-l.. 

[0015] Li}^L^j:i3i^. ^mzm-^^izm. 

x'^fztLxtmm^mz^y^m'F-ii. ^mcommmi^i 

tiX'hr>fz, 

[0016] UJLhcO j; d tc. tS*cOfe*ii®±ll«?ft<0 
[00171 m-^X. icOJ: d^«ffi^fflv^:t«^. 

(rimmi>zmn^titz^'»'¥-m<^mm^miim±mi\si^^ 
X' t Aftf3tco 1 %aT v^mi^x' # -r . ufflso*** 
mbxM<^?>, tmfkfj^mbhfzibizmi^^m^^ 

[0018] 1991 mza—f'y^ • X'f XM#PXf4 

ffiS:m-r-i.*©t LT. mt^i'ymm^^ii'Kit 

^sm^-oxYit<7y«imm^ty-mm±^mx/fz. :i<r>x 
o^jrk^nmmui. B*«ffr2 6 6 4 1 9 6^^fg 
\>ztm^ixx\.^h . viv- *f)vm^zi.y):L<nmt^^y 

^fL«^Srf^S!L. )^<7).-Koi^7"-f-ti^!<7 5 O%i^i:'T' 
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vr9 9- (wmmzm-h'mis.\hu<nmm.om 
«j*<j7 2otct»t-s.. ^<^^m^wmm\zfi% 

-r-Si:. JfjgfefgOiiJSm . 2x1 O-'mo l/cm 
2 teat, S:*:iaiRiS;RTA*f3tco*«79 8%*<iK 

[0019] Z.(r)'/V yV x.)V ■ ^)Vh ion\tfih^\. 

m-&mcr>m^ LtzAti^i^^ ^«fSS:-c'* t . 

Rum{±-^i';^-X2b'X (2. 2' -b'tfUi^' 
;P-4. 4' ->'';<r;P7K=3fi^l'-h) Ru(II)co«3i^ 
Xaci-, CN-, SCN-T-S>S. CliXf^lC 

(i/'f yv-r^^-h) -b'X (2, 2' -b't'J 
i^';U-4, 4' -z^:^)l':i(^^>\y—h) Ru(II){±>;*c 

[0021] zcr>^mmmm<7)»immimi. 

>'c^gW\cO«^&;^*<l e3#mTOfiiJ6T)$V>3[ 
[ 0 0 2 2 ] iTu- -y>yx;i^ • -feyusoffi^^ y^F-r 



[ 0 0 2 3 1 ^^U'-y >yx7U • -b/KOiftf^JSaJi, 
[0024] Lt^Lmsd.y)y^'vV x.)i''^)Vcr>mm^mt 

3 3%bmi>tvn\^^i<zij^t>h-f, m^mmki 0% 

^^m<ti-:^y?:mmLx\,^:hfzif>. ^jinm^VMrn 
mi:f&^-ri>zkiimmx'f>'ofc, Mtc. gijcoras^t 

[002 5] ztL^mm-t^fzMzmm, ^m#mi,z 

#«ttm^^ Sr ISA U T ffitiiffi S: Ttf ^ *«=5: $ 

{if*:a^Av: 'ocom^t^^ymmmt^m^-Lx l^o. ^ 
cowdi'-^^nofzibiz. mm^mi]a^^^t^<7)mmB 
fi*-';S<=5r'9. mi^m^timxLxLtd, tfz, mm 
mm^i:mxvxi>mwm.'FX'hhztiz^h^t/i^ 
<. Ammizxhmfmi}Cco^miimm^ti^j:^\ z<o 

[00261 
[0027] 

[ISfiSrft???t-ri.7ti6c7)#S] BuieHIKl, ii'^^<t 

t.zfmmti'^WM^ti. mss.^wmi3^msMnmtnm 
i-«.j:dts;a$ii. set:. fiiei|^«:®fctines*ti«i 
t <r)m\.zn.m^mimwi.^tix \ ^ h ±m^mm=f-\,zii\ ^ 
X. mtmmisci/mmmm\i>$\-<7)^m^m=f-m^mm 

^^m&mizm.mf}^^^?>zb i:<mLb-rh^m^ 
m'Fizxotm^tih. 

[00281 3t^«i5g^fc:fcv^T . mLRx/9mmm 
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[0029] mf^mmmizx h >-r yyn^<,z^ 
mMm.^<7ii^^mmi^mmM(r>mmM-h^^nmMmi.z 

[0030] 

^m^comm.-fimz-y\,^xMi^mizmm-t^. t-r. 

■r ^^-^s m 1 ic^-t J; 0 =5r*^«^a^fi6ffl-r ^ . 
mwL 3 $-««c*^i'r-4 tc®^ L . i o^ms:^ 

IS. ^«sJi. «!mm. Mmm. i Tois^t- 

^AP2*><^#a;<f>^S:»A-r-S.. ^^c. IRWiifieM* 

:^ymi 3i,zxt-< :^yfm^t') . ^mmizy'yx-? 

m^commzntth Mtn e Mwm^tvy- a x-m^ s <r> 

1 ti£<^s. ^-^x. X'% 
hf3'^iK%t{:nfs.x'm,mk''fi\^fz\^i)K nms^sQ' a 
±fc^ s t mmmm^mzm < ^ o . mmit/m 

ia**fl^L^:<^S. S!-?-C. 2 0- ~80' Wl^Ht' 



*>'2 0%JilTT'$>fL{S\ HcT)— gptcSO- tJl±^OJS*>-^ 
ittTt, m^i^cO^mzMLXht'0^L^j:\'\ t 

t:^ -BS:\>^i:imsi2 ni^<7)±izxmno- x'ms^i 

^^-oTt. ■t<'l,zlimi}^'^^j:^\ U-oX. 2 0' -8 0 
° <^mco±lz. 2 0° JilTcOJl*^#itLTtra^=DrV^. 

2 0- -8 0- <Dmtm^mz&it>hp\^ti^+mz±^ 
inum 0 <7)a5^i-3&» f o J: ^ ^AjeTB!ug;& fi. i d i: 

[003 1 ] :icr>^oi,zLxmm^tifzf^<7ymm^TE 
M^i;x'mm-ri>b. 02ic^-rJ:o{c:. ^i^tcia^L 

ti> i^<7immimi}mm^Bi}>i^x'^xiiiit:>-r, msi 
^m^m-^x'hhzbti'^\>^. ^2iZ7sk-ridi>z. 
-mizmM$titim(^^^mmcom^n0' «s^=fc05: 

jg*^;ffiV^«it'J; 0i^±*5^fSr6l*^'fc-l.. 1X10-3 
To r rtfif^i7)<S*^tC^ai:6»*>'5 0- izMLXe* 
i)^5' mmz^j:i>Zbi,$)^, .roJ;-5{ctt««3t*^'it 
^.±*^'-p T V ^fc t L T t a««iScoS(c(iSSiffl=5r^:^ 2 
i*<ai*S. Iie^2 ic7)SRS{ic:<omi*ifciijSife^^ 

»nmgJKT'J>-&, M 2 1 c7)Sll{i^«^Sc7)A 

-JKWtC- ««^Sc7)AW«<9 J i:\ Pf|g|2 1 

[0032] ^ftctlSfiii'Sr^ Lti^^b mm^z. Z 

<^fm2 1 i,zj:-ox^mi^commmf)<mMi-, zzizm 
m&m^^^mn^-t^ z b ^zx-oxtm^mi^mtm 
tfz. zc7)m.mzmMm^mtzi!bi,zbi,z 
x-yxmMm<Dmmi:htmm< v^itJ^s^ 

mimmizcr,±izm^^zfiLxmmzm^ti^ 
Am-r^j:HzLxm,min^x{>hi>msicomm^x' 
mifiivTiz^h. fi!-^T. rmizi}f^-<7)mi^mimt: 
m-f^zbx\ mif)izmmLx\'^^j:\mzMLxhmi 

[0033] a4^fllJtO«$»4-iRW{C, 0 . 3^m~ 

1 oumco^m\*iX'h&zbimt.U'>. a««3icoi« 

$ 0 . 3 ;tx m^jgr ^^^^X^ri^^-^tf 
SC:i;*<ft^^V\ :ft4««jtc7)«$*Sl 0//mM 

co^-^ , t s 2 1 iO??JK3&sgt^i'-r 5 b' 

c7):r-m^ti^^t^<7)X'i({-t L<^v^. 
[0034] S«3c7)^Ht4¥}tT't> J:v%*>\ |12(c:^ 

& , ««^ffi(cjSfcNB^IHIdi 2 4 I. fc , 1^ 

2 1 cOPBlPi*>':^# < ^ 0 > *>-pS^eJKt^ S . 
[003 5] 02$-#BSU^r**^>. S-ii-^7-f;U 
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ammmmrn-jv^B i o^^^^aMwicjioaiL, Btso 

[0036] |g«^<0^3{c:*t^S Al+^Ji^x^ 
(mf*A:^ri6ii:B?^) , Alt:ft{SAtffta*^feA« 

c7)^iMi>^^^c^■^t:LTv^<, att«jt2ocoratctiH 

ISI2 l*<*feti., iiaj^flXowl-B 1 0*>^#{15%Ka 
[00 373 03-CliS««O^tcllI«h'7A9S:fflV> 
[0 0 38] 03, 06ai>'l27lC^$tiSJ;3^«(C 

;ci.:^r& (t.-i^-5izx^i}am. mmmmmeRxm 
^ymi 3izj;:i,^:^ymm^j:ti . ^mmzy^x-? 

[0 0 3 9] SlTtKB^L^ftidtC, XmnaRT/0li 

-m.mz:k^mn£:k^\>^ab'mm2 1 t,j[S<^^, -e 

ZT. T'SI.;t'{t*#^r«JK-ClSflg«:firV^;tv^*J. Alt 

0, mmmi}<m<^j:^^j:t'comm^^ti>, ^rz. aw 

0- -8 0- <OliHT^-r.&^i:*W^LV^. L*» 

:^)KJ¥tcAi6SfiJ-^*2 0%mTT*ix{f. 
a5tC8 0" «±cOM*^'#^£LTt, l^±i^<^imiz1ciL 

^^fzm.m2Hi^<r>±izxmf^o- x-mm^^-yx i,-t 

/3*<4 0" IJLbfcixtf, a*J2 0" mT-C-i>rail 
[0 04 0] 01. m3m6mm7{Z7r:^tl^J:dm 



tt^^Sffi 5r$iJ !ti6<7)Tia»S^ iff* I. . 
[ 0 0 4 1 ] tX'h^< , *^BB(^7t«^^}^*1^£7) 

tlzX':>Xi>m^-t^Zt:^^X'^^. ^(o^d^mmj 
mii^m^iZ^J^Thh. ^-oX. *l6HBfi03tf^J»* 

Tm^-th zbhX'^hL. mmmm<o^x imnbm^ 

[0042] ^mm^m^<7ymm.^m^m<x^n>m 
#«fi!ci!^t:ov . m-':ffpnzmm-t hioizm 

m-ti>zti:>x'^&L. #«B£s*«t3S5 
i<zRi(»T[^^z^^-±h:ibhX'th. vt-yx. =s-mm, 

^m^mm(o^w^mi>. 02. m^&xmsiz^^ti 

[0043] i^^H-^^y^ssm^^ii^e^-r^ffit 
Lx\i, mss.<r>pjsiniizMLxmwi^mt^'^h;it(r> 

i^^-ThztifiX'hh, mx.\t. . Msmm. -i^y 

^mmimm-t^ztti^x'^h. 

[00441 *%BJc03t«^^J^^i^l3t5{tS^*«ffi 
W^PJfcL-Tfis Cd. Zn. In. Pb.Mo.W. S 
b. Hi, Cu. Hg, Ti. Ag. Mn. Fe. V, 
Sn. Zr. Sr. Ga. Si. Cr<7m.\\L^. SrT 

1 O3 . C aT i O3 <nXo^j:^wfX:^^ t.tz 
{i. CdS. ZnS. InzSg. PbS. M02S. 
WSj. SbjSg. BijSg.ZnCdSj. Cu 

2 Scoes-ftift, CdS e, I n2 Seg . WSe2 . H 
gSe. PbSe. C dTe<^:&JS;<?/WrJir'^>f H. ^ 
cOfteG aAs. Si. Se, Cd2P3. ZnjPs. 
InP. AgBr. Pblz. Hglz. Bilg *W 

aiiLtSr^rtyft-^f*. CdS/K'fb^rJ'y. C 

dS/Ag I. Ag2 S/Ag I . CdS/ZnO. C 
dS/HgS. CdS/PbS. ZnO/ZnS, Zn 
O/ZnSe. CdS/HgS. CdS./CdSe 
i-^.CdS^/Tei_^,CdSe^ /Te 
1 _ ^ , Z n S/C d S e . Z n S e/C d S e , C d 
S/ZnS. mt^i>y/Cd3 P2 . Cd S/CdS 
eCdyZn,_,S.Cd S/H g S/C d S*<»A 

[ 0 0 4 5 J it?j^m<r>mmw.m t K-ft^x. 



I 
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{f, I TO ( I n d i urn tin O x i d e ) 

[0046] ?tA*Hi^m«07t^tt{i. mmmk 
ttm^Lw 3e«3se**6o%*M<o«^. 

[0047] 3t^^Astfi!ico^««£iifc LXMmmmm 

Vm&X/A 1, Cu. Ni. Ti. Zn, Sn, Au. 
Ag. Co. Fe^riro^W. ZtH^CT)-^^ i^i^imm 

[0048] m'mi^m<^iimw.mmi,:i i o 7 q- c mm 
0 C2 - c mOTTS) s . eomcoTmiztmizmmn^j: 

[0049] *^BJc7)^«^m«-?tCiJ(tl.a«t LX 
[0050] *^Bjtci3(t-l.^fl^^5l^00««®i: L 
[0051] *^BJc7)^^^^^{ci3fti,ttigfeSt 

ro;p-r-'> A - i^;^ - i^'r ^ r - t'e u i^vpmxji 

/Ut-— A - M; X (RuLa ) , - t'X (RUL2) , 

i^T-yx\i^)i'y ^ u y^^iiX'hh. mwmt Lx\i 

mUt^ (.^iti^TJ) -N, N-f;^ (2. 

2 ■ - t'e y 4 . 4 ' - =3f i^P— h ) ;U 

)V'T=.^h.-V')7. (2. 2' -b' 
XfJ >'';k-4 , 4' , yp-f-:::. 

•^A-v-X-S/r^T-b'X ( 2. 2' -tXtUv-Vb 
-4, 4' ^ ffife'— rb7 (4 

^yjdf^'^m. i^T-y^'^m. yi'ai^r-yfk 



[0052] *^f*«^«ti!®fe«^oa5^at LTti, 
1 0-8—1 0-6 mo \/cm^<r)^\,ZhtHIX<. # 
fcO. 1 — 9. ox 1 O-'mo 1 /cm2*W*LV\ 

iiSfe^l 9cOS3#**n 0-8 mo l/cm2*}1|iOJ© 

fe*<Otai^»*n 0-8mo 1 /c m2je<7)J^, 

[0053] ^m-wm^cr,mm^m<r>mm-Hm<i. mx. 
mm^m^:m*^Lrzmm.i.z^ ^nam^^m^^ttz 

5 Y-^j:ifm!^m^mm^m^j:i>'nx'hfo.i-^xm^x' 

W9iX'hh. 

[ 0 0 5 4 ] *%BJc07e«^^«^^{Ct>(tl.m)» 

7m<m'^^w^h~n(mi'^imm-^ . ceo j: a =5: 

^)^J^^^y{\i\)-'^^)^M.^^y(\)^ *^-f :t>-(l 
I)-*ffi-f ^y(l). /Px— '>A-<:^>'(IIl)-;l^f-'^ 
A^jt>'(ll). ffl-f3t>-(ii)-^^jt->-(i), ife>f4->- 
(ilD-^^Tj-^-Oi). VN'-^-i^.^A'fjj-yaiD-^N'-^-i/ 

y ju'J i^ryim~y i.x:ii^Tyim. ^y>'-t 

[0055] «)B«Sr^§»-r-S.^^a6{-ffiffl$tll.J§«E 

it-^tm^ Lwmmt Lxitvi^'&mma/^Wtmm 

^—V^ 3u^vyij-if"^—V. y'xi\^\^yij-if^:^- 
Y^fl-if-^-VfC^. »S?^^;W. rotf;t>'SS 

:^y7-yi~a^9hym<r>::cx^Mt^m. 
v-'Ji-f-yUx— f/U, 1, 2->''p< h^vx^y, 1. 3 
->'*5r^yi^5>'. r-hyiiVxDyyy^ 2-^f-;U- 
xh7b b'^^^^lfox— r;Hb-^. 3-p<f-;l'- 
2-:t=¥-9-V>''Uy>'. 2-^f-;Wb'n'J Hy^co^gfg 



!(8) 002-170602 (P2002 -P=^j!i 



h^b-^?^, 3-^^;u-2-:t^ifV>-'yy>-, 2-^ 

[0056] 

[0057] ^tai 

fiil-^Jt= 2 0/ 1 ) tft; I T05S^^ (H#^JSit^ 
¥i^@2 0nm) ^iHiKftJ 1 wt %T':«-|jC$-»i-T 

^Sr5 0 0°C-C-3 0^ra, ^^'-CWL. *«±tC 
iP§ 1 0/4m(7)^?L«I T01g3 1 SrJgfigLfc. 
[0058] Ka±tz0 1 tcS^-TK^^SB^fflviT 
A*f^^Sr60- . TiSr^^aSttTi?«;y^£#A 
»«iSr#^1-i|gb-^'-T'3 0 0-CfcAl]»t^*SiJ>J5 
$5AtmiOB?-fk^^':x^3 2 2r^figt7t. ifllC [Ru 
(4, 4' •^)V-2, 2' - h'f l> -JV) ^ (NCS) 2 ] Xm 

[00 5 9] »:tCfjieiTOJ13 lSr»figL/ct^-l!SC 
c0;<r7:^««3 0±irAltA^^0- , PtSr^S&jgi: 
LTJ?§ 2 0 nmfOP t J13 4 ^^LXn^mmt U 

^<oJ:-3tcLTf^Lit2-:>iO««i{;«^3 3 
(T'h^rotfyl^r^-t^'^Ag-r'f H [Q. 5M] 

T-feh-hU/ptcoM-g-^ffi [^*?I-^it=8 0/2 
0] ) $:M^UTIlfe^i3ii:T^±L. HSlc^-Tip 

[0060] ^iM2 

01 tC:^-r*^«^ISS:fflV^-C. if§ 1 0 O/xmO.-K 
>;x^W->'T-W7^'W— h (PET) 7<;UA3 5Jifc 
A»t:ft<9&0° , I ntSnCO'^^^mmB.tLX^ 
;^^Sr^AL:5r*^^.IS$ 1 mco I TOIK3 6 ^^ML 

it. igJi±izAit:ft<9Sr6 5- , zn^mm^tLxm. 

[006 1 ] mzm^ lmm<7)Cu^4 l±(CA»fft^ 
?:60- , Pt2:^S&jlt LTIPS2 0 nin<0Ptll4 

0. Ait«6 0- . s i ^m^nt Lxismif^K^mK 



L^j:i}ihw^ium</m'^^^mm3 9^mmsskLx 

[00 621 C:cOJ;3tc:LT#«L7t2-PtO««c«» 
?S3 8 (•rh7rntf;l'Ty^-n'A3-:J^-< K [0. 
5M]i:3'>*[0. 0 4M] $r-t-t^Xf-py;<?-;Jf;^ 

- h t r-b h:^ h [«»ii-^ib= 8 0/ 

^^^txmti^h^txii^L. m9\.z^xd^mm 
[0063] mm.m3 

HI C^liS|g«Sia?:fflV^T. 1 0 0>um«50P 
ET7 'f;l^A4 2±lCAItll^SrO" , IntSncO-^ 
^SrM^jSfc L-CB«X?';?.S:»AL^:*>'^>/f ^ 1 ^cmco 

IT0^4 3. AS*:ftO5r7 0- , IntSn<0-g^$: 
^?&i!5i:LT®?«;<fX^^AL^*>%Jl$0. l/xmCO 

ITOM4 4, A*f^^^&6 0" . Ti^mm^tLX 

mm:^x?:mxL. mmm.mm6i,zi':>xmmmyyx 

[0 0 64] »:lC;y^xS«4 9±tcAttA(9$-0- . 

I nt SnO-gr^^^^Mfc LT^;yx&^At>5r*^ 
1 AimcOI TOM4 8, Allt^ll<9Sr6 0° . Pt 
SrlS^aii: LTl?$ 1 0 nmCOP t]K4 7 . ASWI6 0 
" , Si5:^5&l!ii:LTS!^;<rx^^AL^*<^>il$l 
//mcoi?{b^'fmM4 6 5rJl»:fi£J^LT**|6]«lii: L 

[0065] ^coJ:3tcLTf^L;t2o(7)m®cSJ» 
?S (•rh7rot°;l^Ty^:-'^A3-r^ F [0. 5 
M] fcH'^^ [0. 0 4M] ^^Xs3L^Vyfi-if^A— 
h t r-t h- h 'J/l^t coig-^fflt C§»M-&lfc= 8 0/2 
0] ) ^M^t, l?-ft^'f«ll4 6c7)St«7L*(3«)5??g 
S:^T-irfS$-frTa^a^t)-<i:T*}il:L. Hi Otc^fJ: 

[0066] gliigiJ4 

H3lc^-rJ:a^«^^«JgS^fflv^-c. W$30/xm 
COPET7-f/UA5 0?:A:fr|tItC^$-ti:, AWftaS: 

-2 0° , Att:ft/S^9 0- tLTI ntSntfO-^^S: 
M^ilgi:LTi5«;*'^^^AL. ^mmilSeici-pT 

sJaa^r^x-?, igffimasi 3^zx-^x^^/<^r:m, 

E5-EPjDL^r*«^./¥$ l//mC0I T0^5 1 StjSIKL 

/l-AJrA^rifiilc^^f^-ti:, A*f^laS:9 0- . A»tft/8 
$•6 0- t LT. T i 5:^?|jit UTif3g;{fxS-^A 

-^WmMM^^zi^r.x-^Wm.r^X'^ ^ itSEmi 
5 tcj; ge^'^'f r:^«jES:EPi!jnL^f*^^>/¥$ 5 jum 

[006 7] <^i:^-lf$3 0^^m<OPET7-^;^A5 6± 
ic, 7-f;l'AS:A:^ri6ifc:^S^, Alt^a«:-10 
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• . ASW/3t:9 0' fcLT. I nt S rKO^Sr^i* 

2 0- . A*fft/3§r2C- t LT, Pt^Mm^t LX 
W§2 0nmOPt)K5 4. Al*^l«^5 5" , 
W^liSSrSO- bLX. S i Srggl^jlSt LTi!m;ifx5r 
^At^*i'^/1?0. 5jum<7)i?fl:^-^^lS5 3iS:JliijC 

[00681 :L<^J:dizVXimLt:2-:>com&izmM 

m. (xh^rotywrv^-'^^H-^j^'f h [o. 5 

M] tH-^fgCO. 04M] &-i-tfXf-P>';>5?-7K^— 

0] ) s-M^&L. wnt^^mmAe^mn.'piz^msL 

i^x-^m^'^xmh-^hitxm^L. hi ucs^-t<t 

[0069] HifeCTS 

x.^uy^\yy^u-h (PET) 7^;PA57&B:^ 
[6jtC^tf;^-ti-, XmMai-20' ,AW«/3S:20- 
i:LTAl«:^56aKtLT/¥$0. 1 mcOA IflK 5 8 

±tC7>f;l^AS:B:^|6jtc:^tT$-t^. Att^l«5r-1 0 

• , AIW/32r9 0- fcLT. T i LflSil 

^m^mM6iz^'yx^mmy"7X'7. wmmMi s^z 

[00 7 0] <J:{Cif:§3 0jumc7)PET7^;PA6 3± 

• . A*f«/3Srl 0- t LT. I ni:Sn<7)^S:^^ 
pfc Lr8gg;«r;^^^ALl«jgai^jS6fcJ:-pTiUJ^»[ 

jDL^*«4>WSl/imtfOITO)K6 2. 7 ^ ;Ui>.2: B:^- 
Kmnat:eO' , Alt^l S: 9 0 • t 

LT, PtSr^^J®i:LT»§2 0nm«0PtJl6 1. 

jj^ne^so- tLx. si^mms^bLxm.m:(j'x 
[007 1] :i(r>xo(,zvxfmLfz2'o<7imkt>zmM 

at (xh7rDtr;P7'>^->>A3-:J^.< H [0. 5 
M] t3'>*[0. 04M] ?r-irtj'Xf-U>';;&-rK^— 
YhT-^V-Y^))Vt<nm.'^m [^Sii-&Jt=8 0/2 

0] ) s-M^Bu. mvc^^mwkAe<mm\A*<,zwm. 

^ ^X i^m $ -y-T ata-^;b-y:Tf L , Hi 2 Ic^-^-i 
d ^:lFr®«JSSr*-r S3K«^m*^& f^S L/C. 
[0072] glM6 



07lC^*^2|^SS:fflV%T. ;?$3 0;umC0T;l' 
5:J^-f;U6 4S:B:^rr6]^C^^f?1t. ASt:ftaSr6 5- , 
Aftffti3S:9 0- tLT. T i Sr^i^iSt L-CK«;^X 
$:#A L^r** 5 >w mc^K-ft^rJ' yJ16 5 t 

fc. dz^^x-mn^coTi: -y hr^;^iiT'5 o o'ccojdi^ 

[007 31 »:fclS$3 0/4m<7)PEN7^;WA6 9± 

(c. 7i';PA5:A::^r(ti]fc^^T$-tt, AW-^^«$:-i0 

Mb Lxmm/fximxL^ifi^m^ i um<r> i toik 

6 8, 7-f ;^Av^o/i^^#Mt/c^*A:^|6]^c^1f$ 

1^:, A*r^aSr6 0' , Aftt:ft/S S: 9 0' hLT, Pt 
Sr^f^aSi: tTl?$2 0nnicOPt]K6 7, 7-</l'AV> 
o^t^^#MU>:^iA:fr[6]^^^^f§■^^:, Alf:ftaSr5 5 
° . $^mSt«;SSr8 0- hLT, Si ^m^MtLX 

b e^\m.m^LxMHmmb Ltz, 

[0 0 74] Z(r>iioi<zLxwmvtz2-:>cr)mmzmM 

?S (xh^rnbVPTiX^r^'^AH-^^-^ K [0. 5 
M3 bB^miO. 04M] &-grtfXf-U>';«&-;K:t— 
hfcT-bh-h'J;l-tc^?I-&?Bt [^Sil-^it=8 0/2 

0] ) ^mML. w.i\L-tr4nmA6<r)wmi^{zwm 
^■^x-^i^'^xmt3^^h'txm±L. m s^z^x 

[00751 S#|M1. 

07lCS^-t«^^aS:fflV^T, J?§3 0;um<7)PE 
T7'f;PA7 0±t. 7-f/^AS:B:^^[^i]^-^^T$■ti:. A 
SW«Sr7 0- . A3t^y3S:9 0° ttT, T i 
Ubl.xmm:^X^mK-^i,zm^3umcr)T imi 1 
^JBB^U^t. »:v^TTi)g|«HSrB:^[«filc*1T$-ttTi§ 
iga^iS6l;:J:-:>Ti*ia«[r9Xv, iSgEHilSl 3\,zX 
o T g B^-nM rxSJE 5: EpjD L^*>'^> r 5XvJ!lS$r^f 

x)Vr--'^j^m^im^Lx^mmMb Ltz. 
[00761 mzm 1 i.z^-t^mmmmw^m^^x:ffv 

X««7 5±{C, Alt:ft6'$r0- , I n i: S n<0-^^5- 

mmb Lxmm:ffx^mxL^t^t>m^ lumcoir 
om74. xmAB^eo' . p.timm^bLxm-^ 

10nin<0PtM7 3, ASt^6 0- . S i Sr^^ilgt 

7 2i:m-i!K^mtxM\^mmb ttz. 

[0077] dcoi 0 (C LTfm Lfc 2oc7>«fiitcimS 
m (T-h77-nt;Pry^-'>-6.3-:/'f H [0. 5 
M] b^'^m [0. 0 4M] $:-^tfX^l/>-;>!?-;lf^^- 
hfcr-feb-hy;Pi:<7)jg-^fgt [SSig-&Jt=8 0/2 

0] ) ?:MfliL, K-(i:^'f^)^4 ecrtm.mn'^izmfm 

[00781 
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03 t^-rSt^^S$:fflV%T , J?S 3 0 ju mCO P E 
T^-f/L'ATeJrB^riSltC^tT^it, AttAaS--2 0 
• , Ali^l/3 2r9 0- t LT I n t S n cTj^^SrH^JIg 

5/xm<0B{fl:^:J'yi:Tic0fI-^fli78€:?K;S:LJt. ^ 

AIWaSr70- . AJt^/SS-gO* . S i 

tTl?«;<fX^^AL^*'fii.Jl$0. 3 )xm<r>mt 

a2r70" . A*f /8 Sr 9 O ' i:fC. P t Sr^^jSt 
tTff$2 0nm<7)PtJl8 0. A«ftaS-7 0' .A 

«A/3Sr9 0- , I nt Snc7)-^^S:^^i®t tTB!« 

;yxs:#AL^**<^j|[So. 3//m<?) I Tons 1 Mij: 
[0080] ^(n^mmzmsm. (.fYvTxi'civrv 

H [0. 5M] ta^m [0.04 
M] t:il^ti:r.^Uy/j~:iif:^-hkT-^h-h*J/Ub(r) 
M^m [W»?l^it=8 0/2 0] ) ?:mPfStXM^t^ 

-<m<7)mmi'piz'^m^-^fz, mz^m-is^m^^t£7i<. 
b r -fe i-juT-^ hyb <7)M-^m. ( mmM'^it= 20/ 

1 ) I TOn^ (H#^Jli£^, Vi^f4f52 0 n 

5^o;^y 0 o'ciztfrntx^^^x-jm. 

[0081] co^TL© I Toms sizmm^mmma 

2t:m.^Lxm^^mmbmh^h-^xmmL. mi 5 

[00 82] immi 

^fflvStt^JSr^tf 7Kfc r-b^yPT-b hyb cr>m.^m. ( S 
filg-&Jt= 2 0/ 1 ) cfJ^C I TO^^^ (H#^JRS2;^ 
»!, ¥fe;f4@20nm) i:m^lvft%X'^m^itX 

^yv-mi:mmLti. mz. zcoxyu-m^m^i 
mm(r>ii^xw& 1 0 Qiizm^x.. #^>ix-t 

ia»!B5Sr5 00-CT'3 0^J-rS!. SSlifC'^L.. J?? 1 

OAtmCO^?L® I TOKl 0 1 SrifjgfigLTt. 
[0083] #®vS1t^J$:-^tf7j<i: r-fef-;ur-fe vyb 

(rm^m («sm-&jt=2o/i ) ^izmt^^ yn=F 



( B*rJ:oi/;Pth^. P 2 5 . T%5e@2 0 nm ) 

m^f^iwt%x'-i^Wi^'±xx^^j~m?:mmLfz. ix 
t . mm±izm ^lojum (D^n'^mit^ 9 ym. 

1 0 2S:?^^L/«:, ico^?L«^'fb^:5'>'Ml 0 
2.^m^tzW^b t ttc. (Ru(4,4'-y ^y*-2,2'-t' 
f W y)2(NCS)2)-C«$fLS*iJSfe^J8t4'tc?S«L. 
8 0•C•C•5S^^•fTV^^*^'/^fe*lK«3!aSSr^T-5-t. 

[0084] iRtCHaiBfclSl^tcLT ITOMl 0 5SrJg 
^tJtt d-«i:coXf5X36Kl 0 6±{cAlt«<9«rO 
" . PtS:^3^i!gi:LTJ?$2 0nm£OPt)110 4€: 

[008 5] ::wJ:-5fc:LTfmt/'v:2oomSiCtE» 

?gl0 3 (T^N^rotryl-ry^-r^AH-r-^ H 
[0. 5M] iia-^S CO. 0 4M] 2:-t-tfX^U-y;i^ 

8 0/2 0] ) $:m^PLTS^a^*>-ii:T**±L, 016 
[0 086] ■H:tggi|2 

01 tc^-tSS^*^aSrfflV^T, 1 0 0/^mO4^ 
yxf-V->'T-^:7:5'I-'— h (PET) 7'ryl^-M07± 
tcA*fA<95r0- , I ntSn<7)^«:^§%iIi:UTi§ 
S*'X$:»AL^r*^'^>Jif$ 1 jumO I TOm 0 8$-^ 

jKt/i. mmmm^'^ts-^br^^)vr'<Lvyb<r> 

(?S«7S-^it= 2 0/1) 
{ B^rxoi^Vl^itM. P 2 5 . TJ^fiifI2 0 n m ) & 
«S*«;lwt%-C^Si$-a:TX5U-?S^PSt^c. 

#^>ixjtf£«s!i?!is- 1 0 ox:t*3 o^i-ra, ^^xm. 

fiS;L. ^±(C»$ 1 0/xmcO^?L«g?-fbf-:5'>'^l 0 
««i:fcfc{C, [Ru(4,4'-^';<?;l^;i<dfx;l-2.2'-h't 

y i^'y)2 (Ncs)2 ] x'm:^t\,hmm.^mmm^i<z:m.v. 

8 0"CT'jl^gS:^TV^=5f*^'^.fe*lS«^5SS:^T^it. 
[ 0 0 8 7 ] iJcfcluiei: LT^ Lfcl TOm 
1 2 S- Jl^fig L/C t> 0 -tjCO P E T«« 1 1 3 ±{cA»t A 
<9$:0- . Pt$:^3^iiSi:L-CJ¥$2 0nmcOPtJll 
1 1 5r^LT*t|ftl«ffifc L/::. 
[0088] Cl(0J;dtcL.T#Sat?t2Otf0«fiitc«» 
?gl 1 0 (T^b^TDbf/UT^-^:— -^^AH-y^ F 
(0. 5M)i:3'>S(0. 0 4M]$r^tfXf-U':x;<?-;i< 

^- h t T-fe h- h y iVb<m.'^mmsM.-^Yc.= s o 

/2 0)) ^M^BLTfi*a-^<yti:T**itL, El7fc^ 

[ 0 0 8 9 ] fnensfiC!! 1 ~8st^jt«{0ii 1 ~ 2 r-?-*!. 
aa^tTt. si^ti, a?t^f>'f-x^'XF- 1 80CPS 
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y^i:mmL m9mmicm2) . mtstm'^ (vo 

c) i:M*g«»SE?5Jg (mA/cm2) SrSO^L^^. iix 
[0090] 



imi ] 

m m ^m^mm (%) 

mmmi s. 9 

mmm2 5. 1 

IIMfi?!l3 9. 3 

ll*fiWI4 8. 2 

HM^JS 7. 3 

HJSfi^e 8. 5 

mmm7 9. 2 

*MW8 9. 5 

Jt«ECTl 3. 5 

Jt«fCT2 3. 1 



[009 1] Bufec?)^ 1 i,z^s-t^mi]-i^mh^-^x a 

[00921 

<J5Alt:trrtQtcS^ L-CmtcMft L3t'<->'N--r -f ^fi^'i^ 
-r S C: t J: 0 , i^fJi«*03K^^lgi'Srt#S ^ t 

[iaB<o®#^UiBj] 

[01 ] ^w^%m^%'f-<^^i.z\m^ixhmm 
[02101 <r>mmmm.i.z^ 'onhti^wmmcn-m 

mm.m^\<r)m<^wmwimmx'h h , 
[04 1 m3(mm^w.zi, v\^htx.hwm&(r,-m 
(rmmm^x'Sih. 

[05 1 m^mMmw,zi. *)%t:>ithwmm.<r>'mr> 
m.<rmmmmx't>h. 

\m^^^mm%^mim={-<rmmzm^^ixhmm 

iia«flii<7)eaj(7)«lS8Iiffi0-C'J) & . 

[07 1 ^wm±^m=i-<r>^\.zm^^ixhmm 
^wrmzm<m<rmmmmx'h ■& . 



[08 1 mm 1 x'^'mi\.fzim^w=i-<r>imim. 

mmmx-hh. 

[09 1 ^ifiW2Tf^»$iX7t7t«^3gi^<7)^5tW«l 

SBrffl0T'*?.. 

[010] mm\3x:fm.^ixtc:%n^%=i-<r>im^ 
wmmmxhh. 

[0113 ll]ifiCT4-Cf^$ix^^^«^«^«omW 

[0 1 2 1 mmwm:^i\.ft')(^^%=^<nflm.ii^ 
^mmmx-hh. 

[0131 I^Caj6-C'MS$n/^3K«^^^^«O^W 
«lSBrS0T'$>S, 

[014 1 Wi6CT7T'#»$iXJt3t^j^«^<^«^W 

[015] mmB.x'^%tvtz%msm%=i-<rfis&m 
^mmmx'hh. 

[0161 jt«0ij 1 X''m:^fttz%mmm^<^^^ 
wmmmmx'hh. 

[017 1 ltWJ2T-#«$n^^3t^iS«1^0:^e^ 
«{SBrM0T'S>l., 

1 ^i&il 

2 :<fX«AP 

3 »fiR 

4 wm-^iv^- 

6 

7 Vy^y^^/^X 

8 mUiMhx^-il'A 

9 EteH^iN 

1 0 ^m.m^u~ivB 

1 1 ;<?-f Ku— ;U 

1 2 m-fM 

13 -i:^>^ 

14 iSi^jftry-r-^ 

1 5 mmMmsMM 

1 6 ^fimilD-7l^ 

1 7 r^x-^^aa^ 

18 '<7Uh3>"<.r 

2 0 ^«cft:KI8JS 

21 

2 2 

2 3 a4^:^itfig^:^itn 

24 ma 

3 0 

3 1 I TOWk 

3 2 wiit^^ym 

33 

34 PtH 

35 PET^-f/PA 
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38 
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PET7 


3 9 
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74 


I TOM 


4 3 


I TOffli 


7 5 




44 


I TOM 
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PET>^ ^JUM. 
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7 7 


I TOM 


4 6 




78 
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P tJK 


7 9 
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I TOM 


80 


PtM 


4 9 




8 1 


I TOM 


5 0 




82 




5 1 


I TOM 


83 


I TOM 


5 2 




84 




5 3 




10 0 




54 


P t M 


10 1 


I TOM 


5 5 


I TOM 


10 2 


^^bf*:^>'M 


56 


pet:7 >f 


103 




57 


PET'7 


104 


PtM 


58 


A 1 M 


10 5 


I TOM 


5 9 


K'fLf-:J'yM 


10 6 




60 


S?^k^^«M 


107 


PET:7>f;^A 


6 1 


PtM 


108 


I TOM 


62 


I TOM 


109 




63 


PETy 


110 




64 




111 


PtM 


65 


S?>fk^i5^>^M 


112 


I TOM 


66 


M^t:^>f«M 


113 


PET:7-f;pju 


67 


PtM 
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